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CLAIMS 

A process for applying a metal structure to a workpiece comprising the step of 
electroplating a copper layer onto a surface of the workpiece using an 
electroplating bath comprising copper sulfate, ammonium sulfate, a complexing 
agent, and ethylene glycal. 



A process as set forth in claiiji 1 wherein the electroplating bath further 
comprises Doric ^cid. 



A process as 
the group 



electroplat 




set fon^i in claim 2\ wherein the complexing agent is selected from 
f ED, EDTAXand a polycarboxylic acid. 



A process for applying^ metal structure to a workpiece comprising the step of 
roplatile a < 



\ 



ig a copper layer onto a surface of the workpiece using an 
electroplating bath comprising copper sulfate, boric acid, and a complexing 
agent. 




A process as set forth in claim 4 wherein the complexing agent is selected from 

the group consisting of ED, EDT A, and a polycarboxylic acid. 

\ 



\ 
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6. A process as set forai in claim 4 wherein the complexing agent is citric acid. 



7. A process for applyinjAa metallization interconnect structure to a workpiece, the 
workpiece including a barrier layer deposited on a surface thereof, the process 
Dmpn&ing the steps of: 

forming an ultra-thin petal seed layer on the barrier layer, the seed layer 

having a thickness of les^than or equal to about 500 Angstroms; 

\ 



lancing th< 



y (b) enhancing the ultra-thin seecL layer by depositing additional metal to provide an 

f \ V 

enhanced seed layer, the enhanced seed layer having a thickness at all points 

; \ \ .... 

on sidewallsi of substantially all recessed features distributed within the 
wofkpiece that is equal to or vgreater than about 10% of the nominal seed 

n \ v 

layer thickness over an exteriorly disposed surface of the workpiece. 



8. The process of claim 7 wherein the additional metal is copper. 



9. The process of claim 7 wherein the ultra-thimseed layer is enhanced by a process 
comprising an electrochemical deposition stepk 
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10. The process of cl^aim 9 wherein the electrochemical deposition step occurs in an 
alkaline bath 

1 1 . The process of claim 10 wherein the alkaline bath comprises metal ions and an 

\ 

agent effective in complexing the metal ions. 
\\ 

V 
V 

of claim 7Werein the ultra-thin metal seed layer formed in step (a) 
is forfced by physical vapor deposition. 
\ V 

The process of claim 7 wherein the ultra-thin metal seed layer formed in step (a) 
has a thickness of about 50 to about 500 Angstroms. 




he process exclaim 13 whereflp the ultra-thin metal layer formed in step (a) has 
j l thickness of about 100 to about\250 Angstroms. 



he process of claim 7 wherein the complexing agent is comprised of one or 

Y 

more complexing agents selected froin\EDTA, ED, and polycarboxylic acid. 



16. The process of claim 1 1 wherein the complexing agent is comprised of EDTA 
and the EDTA in the bath has a concentration within the range of 0.03 to 1 .0 M. 
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17. The process of claim 15 wherein the complexing agent is comprised of ED and 
wherein the ED \n the electrolytic bath has a concentration within the range of 
0.03 to 1.0 M. 



18. The process of claim 16 wherein the complexing agent is comprised of EDTA 
and the EDTA has a concentration within the range of 0.1 to 0.4 M. 

19. Tite process of claim 15 wherein the complexing agent is comprised of citric acid 
and \e citric acid in the path has a concentration within the range of 0.03 to 1.0 
M. 




e process of claim 10 and farther comprising the step of subjecting the 
orkpiece t^ a further electrochemical deposition process in an acidic 
ectrolytic solution to complete^ deposition of the metal to a thickness needed 
far the formation of the interconnect structure. 




21. The process of claim 20 and further comprising the step of subjecting the 

\ • 
workpiece to a rinsing process after electrochemical deposition m the outline 

bath and prior to the further electrochemical copper deposition process in an 

acidic electrolytic solution. 



Docket No. SEM4492P0021PC 



-33- 



22. In a manufacturing line including a plurality of apparatus for the manufacture of 
integrated circuits, one or more apparatus of the plurality of apparatus being used 
for applying a copper metallization interconnect structure to a surface of a 
workpiece used to form the integrated circuits, the one or more apparatus 
comprising: 

pplying a con&uctive ultra-thin seed layer to a surface of the workpiece; 

ctrochemical\y enhancing the conductive ultra-thin seed layer to render 

it suitable for subsequent electrochemical application of the copper 

nterconAect metallization to a predetermined thickness representing a bulk 
\ V 

)ortipn<rf copper interconnect metallization structure. 
V v 

or more apparatus as claimed in claim 22 wherein the means for applying is 
ter defined by means for applying a conductive ultra-thin copper seed layer 
to mbarrier layer surface of the workpiece. 




24. One or more apparatus as claimed iA claim 22 wherein the means for applying is 
further defined by means for applying^ conductive ultra-thin copper seed layer 
to a barrier layer surface of the workpiece using a PVD process. 
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25. One or more apparatus as claimed in claim 22 wherein the means for applying is 
further defined by means for applying a conductive ultra-thin copper seed layer 
to a barrier layer surface of the workpiece using a CVD process. 



26. One or more apparatus as claimed in claim 23 wherein the means for 
electrochemically enhancing the conductive ultra-thin seed layer is further 
^defined by means for electrochemically enhancing the conductive uitra-thin seed 
layefhy electrochemically depositing copper using an alkaline copper bath 
having a Opmplexing agent* 



27. On\ or more apparatus as claimed in claim 26 wherein the electrochemical 

enh^tQpefnent of\he ultra-thin seed layer takes place at a plating voltage having a 
magnitude that is \t least about ongreater than 1.1 volts. 



28. Opelor more apparatus as claimed in <^laim 26 wherein the alkaline bath has a pH 
equal to about 9.0. 



29. One or more apparatus as claimed in clainr£6 wherein the complexing agent is 
comprised of EDTA. 
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30. One or more Apparatus as claimed in claim 26 wherein the complexing agent is 
comprised of ED. 

3 1 . One or more apparatus as claimed in claim 26 wherein the complexing agent is a 
comprised of a caropxylic acid or salt thereof. 



32^0ne or more apparatuses claimed in claim 3 1 wherein the complexing agent is 
:itric acidW salt thereof 

33. 3ne owfiore apparatus as claimed in claim 26 and further comprising means for 
kectrochemicaJly adding a mrther layer of copper over the conductive ultra-thin 
seed layer by electrochemical^ depositing copper using an acidic copper bath. 



34. One or more apparatus as claimedm claim 33 wherein the electrochemical 

enhancement of the ultra-thin seed l^yer takes place at a plating voltage having a 
magnitude that is greater than the magnitude of the plating voltage in the acidic 
copper bath. 
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35. One or more apparatus as claimed in claim 34 and further comprising means for 
rinsing the workpiece prior to its introduction to the means for electrochernically 
adding a further layer of copper. 



36. A process for applying a metallization interconnect structure to a workpiece, the 
workplace including a barrier layer deposited on a surface thereof, the process 
comprisingUhe steps of: 
|(a) jforming 'an ultra-thin\metal seed layer on the barrier layer, the seed layer 
having a thkkness of less than or equal to about 500 Angstroms; 

the workpiece toWi electrochemical copper deposition process in an 

1 \ \ 

alkaline electrolytic bath haying copper ions complexed with a complexing 

\ \ 

ajgent such that additional copper is deposited on the ultra-thin copper seed 

( v \ 

layer to thereby enhance the seed layer. 



37. The process of claim 36 wherein the ul^ra-thin metal seed layer formed in step 



(a) is formed by physical vapor deposition 



38. The process of claim 36 wherein the ultra-tfujTi seed layer formed in step (a) has 



a thickness of about 50 to about 500 Angstroms- 



Docket No. SEM4492P0021PC 



-37- 

39. The process Af claim 38 wherein the ultra-thin seed layer formed in step (a) has 
a thickness of ajpout 100 to about 250 Angstroms. 

40. The process of cla^m 39 wherein the ultra-thin seed layer formed in step (a) has 
a thickness of abouffc200 Angstroms. 





41. The process of claim s§ wherein the alkaline electrolytic bath has a pH of at least 
^9.0. 

^ 2. The ptocesslpf claim 36 wherein the copper ions in the electrolytic bath are 



provided by copper sulfate 



43\The process of maim 42 wherein the copper sulfate in the electrolytic bath has a 



concentration within the range of.0.03 to 0.25 M. 



44. The process of claim 42 wherein the (concentration of copper sulfate is about 0.1 
M. 



45. The process of claim 36 wherein the copper^complexing agent is comprised of a 
copper complexing agent selected from EDT^., ED, and citric acid. 
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46. The process oEclaim 45 wherein the complexing agent is comprised of EDTA 
and the EDTA i\the electrolytic bath has a concentration within the range of 
0.03 to 1.0 M. 



47. The process of claim 45 wherein the complexing agent is comprised of ED and 
the ED ipfEh^electrolyti^ bath has a concentration within the range of 0.03 to 1 .0 
M. 

48. The procejss of claim 45^ whereto the complexing agent is comprised of EDTA 
and thelEKTAhas^c^ the range of 0.1 to 0.4 M. 

49. The proc.e|aof claim 45 wherein the complexing agent is comprised of citric acid 
and the citn| acid in the electrolytic bat^ has a concentration within the range of 
0.03 to l.oii 



50. The process of claim 49 wherein the citric acid has a concentration within the 
range of 0.1 to 0.4 M. 




5 1 . The process of claim 36 and further comprising the ste^of subjecting the 
workpiece to a further electrochemical copper deposition\>rocess in an acidic 
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electrolytic solution to complete deposition of the copper to a thickness needed 
for the formation o\ the copper interconnect structure. 



52. The process of claim 51 and further comprising the step of subjecting the 
workpieggto a rinsing process after step (b) and prior to the further 
electfochemicataopper deposition process in an acidic electrolytic solution. 

53. A workpiece composing: 
ity of th| recessed\structuresMistributed in a face of the workpiece; 

an enhanced sefcdJ&yGf having a thidcpess at all points on sidewalls of substantially 
]} recessed featured distributed within the workpiece that is equal to or 
gr&ateij than about\J.0% of the\nominal seed layer thickness over an 
ext^iorly disposed surface of the woYkpiece. 



54. A workpiece as claimed in claim 54 wherein the thickness of the sidewalls of 
substantially all recessed features is equal to or greater than about 20%. 



55. A solution for electroplating copper, the solution comprising copper sulfate, 
ammonium sulfate, and ethylene glycol. 
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56. The solution of claim 55 and further comprising a complexing agent. 



57. A sdlTtti^n for electroplating copper, the solution comprising copper sulfate, 
bprif acid,\nd a completing agent. 



58. 



he 



soJyttdffoEclaim 57 wherein the complexing agent is selected from the 
odp consisting of ED, EDTA,\and a polycarboxylic acid. 



59. The solution of claim 57 wherein the complexing agent is citric acid. 



